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Abstract
By considering a one loop background field method for a nonperturbative one gluon exchange
between quarks, leading electromagnetic form factors of pion couplings to constituent quarks are
derived by means of from a large quark and gluon effective masses expansion. With this calculation
the leading anisotropic corrections induced by a weak magnetic field for the pion- constituent quark
form factors are obtained. Besides that, few effective couplings which emerge only due to the weak
magnetic field that break chiral and isospin symmetry are also found. Numerical estimations for
these magnetic field corrections are presented for two different nonperturbative gluon propagators.
All of these corrections are ultraviolet finite and their relative values are found to be of order of
(eB0/M
∗2)n being n = 1 for the vector and axial pion couplings and n = 2 for the pseudoscalar and
scalar ones. The corresponding anisotropic corrections to the Strong averaged quadratic radii in
the plane perpendicular to the magnetic field are also calculated as functions of the quark effective
mass.
1 Introduction
Although lattice QCD is expected to provide the final quantitative answers for the description of hadrons
in terms of the more fundamental degrees of freedom it is very interesting to develop analytical tools to
describe the gaps between the fundamental level and the measured hadron/nuclear properties. Among
these, there are hadrons electromagnetic and strong form factors that make possible a suitable com-
parison of many important observables calculated theoretically from different approaches, for example
[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11], with experiments, for example [12, 13, 14, 15, 16]. In particular hadron
charge distribution, spin structure and electroweak interaction properties can be understood in terms
of electromagnetic and axial form factors. Due to the enormous difficulties in solving QCD in the low
energy non perturbative regime, effective models have been developed based on general QCD symme-
tries and properties and phenomenology, in particular Chiral Symmetry and its Dynamical Symmetry
Breaking (DChSB). The constituent quark model (CQM) describes many aspects of phenomenology and
it is usually considered to incorporate the pion cloud [17, 18]. A further proposal along these lines is
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the Weinberg’s large Nc effective field theory (EFT) that copes constituent quark picture with the large
Nc expansion [19]. This EFT has been derived in [20, 21] without and with electromagnetic interaction
by starting from a quark-quark interaction due to a dressed one gluon exchange. The resulting effective
interactions correspond to tree level couplings between pions and constituent quarks. The background
quarks, dressed by a sort of gluon cloud described by a non perturbative gluon propagator, yield con-
stituent quarks [22]. One might expect that a comparison between the electromagnetic and strong
constituent quark form factors and baryons form factors in the vacuum and at finite energy densities
might shed light on diverse aspects of baryons structure and interactions as well as it might provide
further criteria to understand or improve the reliability of the CQM to describe low and intermediary
energies hadrons. Besides that, one might obtain a systematic way of calculating further effects due to
finite energy densities environments.
In the last decade a high interest on the effect of magnetic fields on hadron properties and dynamics
increased due to estimates for intense magnetic fields expected to appear in peripheral heavy ions
collisions, supernovae and in magnetars [23, 24, 25]. Large magnetic fields, of the order of (eB0) '
1017 − 1019G ' (0.1 − 15)m2pi, would not be so large as compared to an hadron mass scale such as
the nucleon mass, although it would only appear for a short time interval in non central heavy ions
collisions [26]. One cannot expect large magnetic fields in low/intermediary energies hadron collisions in
which the usual pion dynamics is expected to be dominant, however pion interactions with photons and
their behavior under weak magnetic field might eventually provide observable effects at intermediary
energies. Moreover, it has been envisaged nuclear structure changes due to external relatively weak
magnetic fields [25] and it becomes important to understand further the magnetic field effects on each
part of the nucleon potential among which those dictated by the pion couplings. Many works have
shown effects of magnetic field in hadron properties, few examples were given in Refs. [27, 28, 29, 30].
In Refs. [31, 32], Electromagnetic and Strong form factors of light vector and axial mesons coupled to
constituent quarks were presented and anisotropic corrections to their quadratic radii were found due
to a weak magnetic field. The pion constituent quark Strong form factors in the vacuum were presented
in [22] and, in the present work, their leading photon couplings and corresponding weak magnetic
field corrections are presented by considering the same formalism. Although one might need strong
magnetic fields to describe completely dynamics in magnetars, the (relatively) weak magnetic field
allows an analytical treatment that makes explicit magnetic field contributions to Strong interactions
observables.
The non perturbative one gluon exchange quark-quark interaction is one of the leading terms of
QCD effective action. With the minimal coupling to a background electromagnetic field, it is given by
a generating functional that is usually called global color model given by [33, 34, 35]:
Z = N
∫
D[ψ¯, ψ] exp i
∫
x
[
ψ¯
(
i /D −m
)
ψ − g
2
2
∫
y
jbµ(x)R˜
µν
bc (x− y)jcν(y) + ψ¯J + J∗ψ
]
, (1)
Where
∫
x stands for
∫
d4x, D[ψ¯, ψ] is the functional measure of integration, J, J∗ are the quark sources, g2
is the quark gluon coupling constant, a, b... = 1, ...(N2c −1) stands for color in the adjoint representation
and the quark sources are written in the last terms. Along the work indices i, j, k = 0, ...(N2f − 1)
will be used for isospin indices. The color quark current is given by jµa = ψ¯λaγ
µψ, and the sums in
color, flavor and Dirac indices are implicit. Dµ = ∂µδij − ieQijAµ is the covariant quark derivative with
the minimal coupling to photons, with the diagonal matrix Qˆ = diag(2/3,−1/3). The quark current
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masses m will be considered to be the same for u, d quarks. The non perturbative gluon propagator is
an external input and it is written as R˜µνab (x− y). It must be a non perturbative one by incorporating
to some extent the gluonic non Abelian character and, in particular, it will be required that, with a
corrected quark-gluon coupling, it has enough strength to yield dynamical chiral symmetry breaking
(DChSB), as it has been found in several approches. Few examples in [3, 36, 37, 38, 39, 40, 41].
In several gauges this kernel can be written in terms of transversal and longitudinal components, as:
R˜µνab (x− y) ≡ R˜µνab = δab
[(
gµν − ∂µ∂ν
∂2
)
RT (x− y) + ∂µ∂ν∂2 RL(x− y)
]
.
The method employed below has been described with details in Refs. [20, 21] and therefore it will
be very succintly reminded in the next section. The work is organized as follows. In the next section
the determinant of sea quarks is presented for structureless pion field and then it is expanded for large
quark effective mass and small electromagnetic field. The complete momentum dependence of the
leading electromagnetic effective couplings of pion interactions with constituent quarks are presented as
momentum integrals of components of the quark and gluon propagators. Next, a magnetic field, weak
with respect to the quark effective mass, is considered. The emergence of anisotropic corrections to pion-
constituent quarks couplings are shown. In the following section two non perturbative gluon propagators
are considered to provide numerical results, the Tandy-Maris propagator [42] and an effective confining
one [38], both of them produce DChSB. The corresponding anisotropic corrections to the Strong (axial
and pseudoscalar) quadratic radii due to a weak magnetic field are also presented. In the final section
there is a Summary.
2 Constituent quarks and quark-antiquark light mesons
To make possible a more complete investigation of all the flavor channels, a Fierz transformation for the
model (1) is performed and only the color singlet terms are considered, being that the color non singlet
ones are non leading order at least due to a factor 1/Nc. Chiral structures with combinations of bilocal
currents are obtained. The quark field must be responsible for the formation of mesons and baryons
and these different possibilities are envisaged by considering the Background Field Method (BFM).
Background quark component will be associated to constituent quark (ψ1) and the sea quark can be
integrated out (ψ2). For the one loop BFM it is enough to perform a shift of each of the quark currents
obtained from the Fierz transformation. For each of the isospin and Dirac channels the following shift
of the bilocal quark currents is perfomed:
ψ¯Γmψ → (ψ¯Γmψ)2 + (ψ¯Γmψ)1,
where Γm are the combinations of Dirac and isospin matrices. The integration of the sea quark is
improved with respect to the usual one loop BFM by introducing light quark-antiquark mesons and
excitations by means of the auxiliary field method. The following bilocal auxiliary fields, representing
quark-antiquark states, are introduced [43], However only the lightest (chiral) scalar and isotriplet
pseudoscalar sector will be kept analogous to Ref. [22] and the heavier vector and axial ones will
be neglected being less relevant at low energies. The corresponding unity integral for the scalar and
pseudoscalar auxiliary bilocal fields S(x, y), Pi(x, y) is the following:
1 = N
∫
D[S]D[Pi] exp
(
−iα
2
∫
x,y
R(x− y)
[
(S(x, y)− gjS(2)(x, y))2 + (Pi(x, y)− gjPi,(2)(x, y))2
])
,(2)
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where N ′′ is a normalization, the subscripts (2) in the quark currents stand for the corresponding quark
component and R(x− y) = 3RT (x− y) +RL(x− y). Bilocal auxiliary fields for the different flavors can
be expanded in an infinite orthogonal basis with all the excitations in the corresponding channel. For
the pseudoscalar isotriplet fields one has:
Pi(x, y) = Pi
(
x+ y
2
, x− y
)
= Pi(u, z) =
∑
k
Fk(z)Pi,k(u), (3)
where Fk are vacuum functions invariant under translation for each of the local field P
µ
i,k(u). At lower
energies, the lowest energy modes, lighest k = 0 will be kept, i.e. Pi,k=0 = pii that are the pions.
The form factors reduce to constants in the zero momentum and structureless limit Fk(z) = Fk(0).
This is obtained by expanding bilocal fields in an infinite orthogonal basis for all the excitations of a
given channel, for example for the pseudoscalar isotriplet fields one has: Pi(x, y) = Pi
(
x+y
2
, x− y
)
=
Pi(u, z) =
∑
k Fk(z)Pi,k(u), where Fk(z) are vacuum functions invariant under translation for each of
the local field Pi,k(u). Only the lowest energy modes, lighest k = 0 can be expected to contribute in the
low energy regime. In the pseudoscalar channel it corresponds to dimensionless pion field: Pi,k=0 = pii,
and their form factors reduce to constants Fk(z) = Fk(0) endowing the fields with their canonical
normalization. The (heavier) vector and axial mesons with their couplings to the constituent quarks
were considered in [31, 32] and they can be neglected in the lower energy regime indeed. With that,
by integrating out the sea quarks, the background photon couplings to light mesons and constituent
quarks arise. The auxiliary fields are undetermined and the corresponding saddle point equations can
be used for this. In the mean field they can be written from the conditions:
∂Seffaf
∂φα
= 0, (4)
where Seffaf is the effective action obtained with the integration of the sea quark with the auxiliary fields
and φα stands for each of the (constant) auxiliary fields. These equations for the NJL model and for
the model (1) have been analyzed in many works in the vacuum or under finite energy densities. In
the vacuum, the scalar auxiliary field is the only one whose gap equation has a non trivial solution
corresponding to a scalar quark-antiquark condensate as the order parameter of DChSB. At non zero
constant magnetic fields a contribution to the quark effective mass arises associated to the so called
magnetic catalysis that is well established from NJL-type and other models and also lattice QCD. The
scalar quark-antiquark field does not necessarily correspond to a light meson and a chiral rotation can
be performed by freezing this degree of freedom. Pion field will be described by means of the collective
variables: U,U † = ei~σ·~pi, e−i~σ·~pi.
The sea quark determinant yields the dynamics of the mesons fields with their couplings to con-
stituent quarks, and it can be written as [20, 21]:
Sdet = −i T r ln
{
iS−1c,q (x− y)
}
, (5)
S−1c,q (x− y) ≡ S−10,c (x− y) + Ξs(x− y) +
∑
q
aqΓqjq(x, y), (6)
where Tr stands for traces of all discrete internal indices and integration of spacetime coordinates and
Ξs(x− y) stands for the coupling of sea quark to the pions. It can be written:
Ξs(x− y) = F (PRU + PLU †) δ(x− y), (7)
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where PR/L = (1 ± γ5)/2 are the chiral right/left hand projectors and F the pion field normalization
constant. The quark kernel can be written in terms of the effective quark mass generated by the scalar
field gap equation as
S−10,c (x− y) =
(
i /D −M∗
)
δ(x− y). (8)
In expression (6) the following quantity with the color singlet chiral constituent quark currents has been
defined: ∑
q aqΓqjq(x, y)
αg2
= 2R(x− y)
[
ψ¯(y)ψ(x) + iγ5σiψ¯(y)iγ5σiψ(x)
]
− R¯µν(x− y)γµσi
[
ψ¯(y)γνσiψ(x) + γ5ψ¯(y)γ5γνσiψ(x)
]
, (9)
In this expression α = 2/9, for flavor SU(2) and color SU(3), and combinations of the longitudinal and
transversal parts of the gluon propagator were defined as:
R(x− y) = 3RT (x− y) +RL(x− y), (10)
R¯µν(x− y) = gµν(RT (x− y) +RL(x− y)) + 2∂
µ∂ν
∂2
(RT (x− y)−RL(x− y)).
With the background quark currents, different quark-couplings were found to emerge in the large quark
and gluon effective masses expansion of the above determinant. The leading term is an effective (La-
grangian) constituent quark mass that turns out to provide a running quark mass with very similar
momentum structure to the running quark mass from elaborated SDE at the rainbow ladder level as
shown in [22]. This effective mass however is not the same as the gap quark effective mass and it does
not depend on DChSB, being seemingly akin to other mechanisms [44].
3 Leading Electromagnetic form factors
The large effective quark mass expansion of the determinant within the zero order derivative expan-
sion is performed in the following. The leading momentum dependent couplings with the background
electromagnetic field are the following:
Lq−piA = Fs,γ(K,Q,Q1, Q3) Fµν(Q1)F µν(Q3)pii(qa)pii(qb) ψ¯(K)ψ(K +Q+Q1 +Q3)
+ Fps,γ(K,Q,Q1, Q3) Fµν(Q1)F
µν(Q3)ij3pii(Q1) ψ¯(K)σjiγ5ψ(K +Q+Q1 +Q3)
+ TjkiFV,γ(K,Q,Q1) F
µν(Q1)pij(qa)(∂µpik(qb))ψ¯(K)γµσ
iψ(K +Q+Q1)
+ ij3FA,γ(K,Q,Q1) F
µν(Q1) ∂µpii(Q) ψ¯(K)iγ5γνσ
jψ(K +Q+Q1), (11)
where in the couplings with two pions Q = qa + qb. The form factors in this expression are given by:
Fs,γ(K,Q,Q1, Q3) =
80
9
d1Nc(αg
2)e2FF t4(K,Q,Q1, Q3), (12)
Fps,γ(K,Q,Q1, Q3) =
64
3
d1Nc(αg
2)e2 FF t4(K,Q,Q1, Q3), (13)
FV,γ(K,Q,Q1) =
64
3
d1NcF (αg
2)e F t5(K,Q,Q1), (14)
FA,γ(K,Q,Q1) =
64
3
d1NcF (αg
2)e F t5(K,Q,Q1). (15)
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In this leading order of the determinant expansion, there are also unusual or anomalous couplings to
the electromagnetic field that also break chiral and isospin symmetries explicitely and that correspond
to sort of mixing couplings induced by the photon. The leading ones can be written as:
LAj = −iij3FF6P (K,Q,Q1)Aµ(Q1)(∂µpii(qa))pij(qb) ψ¯(K)ψ(QT )
− 2iij3FF6M(K,Q,Q1)Aµ(Q1)∂µpii(Q) ψ¯(K)iγ5σjψ(QT )
+ iJijkFF7P (K,Q,Q1)Aµ(Q1) pii(qa)pij(qb) ψ¯(K)iγ
µσkψ(QT )
+ 2iji3FF7M(K,Q,Q1)Aµ(Q1)pij(Q) ψ¯(K)iγ
µγ5σ
jψ(QT ), (16)
where Jii3 = J3ii = −Ji3i = 1, for i = 1, 2, and Jijk = i3ijk for i 6= j 6= k. The form factors were defined
in terms of functions H6P,M and H7P,M :
F6P (K,Q,Q1) = 4d1eNcK0H
t
6P (K,Q,Q1), (17)
F6M(K,Q,Q1) = 4d1eNcK0H
t
6M(K,Q,Q1), (18)
F7P (K,Q,Q1) = 4d1eNcK0H
t
7P (K,Q,Q1), (19)
F7M(K,Q,Q1) = 4d1eNcK0H
t
7M(K,Q,Q1). (20)
The functions F ti (K,Q,Q1), H
t
i (K,Q,Qj) used above were defined as:
F t3(K,Q,Q1) =
1
2
(F3(K,Q,Q1) + F3(k,Q1, Q)) ,
F t4(K,Q,Q1, Q3) =
1
2
(
F4(K,Q,Q1, Q3) + F˜4(K,Q3, Q1, Q)
)
,
F t5(K,Q,Q1) =
1
2
(F5(K,Q,Q1) + F5(K,Q1, Q)) ,
H t6P (K,Q,Q1) =
1
2
(F6(K,Q,Q1) + F6(K,Q1, Q)) , (21)
H t6M(K,Q,Q1) =
1
2
(F6(K,Q,Q1)− F6(K,Q1, Q)) , (22)
H t7P (K,Q,Q1) =
1
2
(F7(K,Q,Q1) + F7(K,Q1, Q)) , (23)
H t7M(K,Q,Q1) =
1
2
(F7(K,Q,Q1)− F7(K,Q1, Q)) . (24)
In these expressions the loop momentum integrals of each of the form factors can be written in Euclidean
momentum space, always for incoming quark momentum K = 0, as:
F3(0, Q,Q1) =
∫
k
[
k · (k +Q1)−M∗2
]
S˜0(k)S˜0(k +Q1)S˜0(k +Q+Q1)R¯(−k), (25)
F4(0, Q1, Q,Q3) =
∫
k
[
−k · (k +Q1 +Q) +M∗2
]
S˜0(k)S˜0(k +Q1 +Q)S˜0(k +Q1)S˜0(k +Q4)R(−k),(26)
F˜4(0, Q,Q1, Q3) =
∫
k
[
k2 + k ·Q−M∗2
]
S˜0(k)S˜0(k +Q)S˜0(k +Q+Q1)S˜0(k +Q4)R(−k), (27)
F5(0, Q,Q1) =
∫
k
M∗S˜0(k)S˜0(k +Q1)S˜0(k +Q+Q1)R¯(−k), (28)
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F6(0, Q,Q1) =
∫
k
[
k · (k +Q+Q1)−M∗2
]
S˜0(k)S˜0(k +Q1)S˜0(k +Q+Q1)R(−k), (29)
F7(0, Q,Q1) =
∫
k
[
3k2 + k · (4Q1 + 2Q) +Q5 −M∗2
]
S˜0(k)S˜0(k +Q1)S˜0(k +Q+Q1)R¯(−k),(30)
where Q4 = Q1 + Q + Q3, Q5 = Q
2
1 + Q · Q1,
∫
k =
∫ d4k
(2pi)4
and R¯(k) = 2R(k). The following function
was used: S˜0(k) =
1
k2+M∗2 .
The complete momentum structure of form factors such as F3 and F4 present a non monotonic
behavior that is not observed experimental data and they yield negative averaged quadratic radii [31].
To mend this behavior the resulting momentum dependence of the quark kernel will be truncated by
the following approximation:
Str0 (k) ∼M∗S˜0(k). (31)
It yields truncated form factors with monotonic behavior with pion momenta that make possible to
obtain always positive quadratic mean radii at this level. This truncation scheme might be equivalent
to consider a momentum dependent quark effective mass M∗. Because of that, in the present work only
the truncated form factors will be investigated numerically.
Figure 1: Diagrams (1a,1b,1c,1d) correspond to the couplings of expressions (11,16). The wavy line with
a full dot is a (dressed) non perturbative gluon propagator, the solid lines stand for quarks, dashed lines for
pions and the dotted line stands for the photon strength tensor. A full square in a vertex represent momentum
dependent pion coupling. The momenta of each of the particles are indicated by K (quarks), Q (pion(s)) and
Q1 (photons).
The diagrams for expressions (11,16) are presented in Fig. (1). The incoming constituent quark
has momentum K and K + QT is the outgoing constituent quark momentum, where QT is the total
momentum transfered by the pion(s) and photon(s) to the constituent quark. Q denotes the total
transfered momentum from the pion(s) and Q1, Q3 are each of the photon momenta.
4 Weak magnetic field
It is shown now that corrections induced by a weak background magnetic field to those usual form
factors are obtained by considering two different effects. Firstly the leading correction to the quark
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kernel and also by assuming the weak magnetic field (with respect to the constituent quark mass) is
strong enough to show up in the electromagnetic couplings of the previous section. For that, the Landau
gauge will be considered in which Aµ = −B0 (0, 0, x, 0).
The leading quark propagator dependence on the weak magnetic field, for equal up and down quark
effective masses M∗, will not be derived in this work and it can be written as [45, 46]:
G(k) = S0(k) + S1(k)(eB0) =
/k +M∗
k2 −M∗2 + iγ1γ2
(γ0k
0 − γ3k3 +M∗)
(k2 −M∗2)2 Qˆ(eB0). (32)
By substituting the vacuum quark propagator by a G(k) different anisotropic weak magnetic field-
dependent corrections to pion constituent quark couplings appear. For some of the leading pion-
constituent quark couplings found in [22] however the first order correction to the quark propagator
S1(k) does not contribute in the leading terms, i.e. linear in (eB0). In the second order in (eB0)
2 more
terms arise but this will not be considered below.
The correction S1(k) to the quark propagator yield the following anisotropic contributions from the
leading order determinant for the axial constituent quark current expansion:
LS,B = GBA,1 0ρµ3 ∂µpii ψ¯γ5γρσiψ
+ GBV,1 
12µρ
(
δij +
i
3
ijk
)
∂µ(piipij) ψ¯γ5γρσjψ +G
B
V,2 ∂0pii ψ¯γzσjψ, , (33)
where νσµρ is the Levi Civita tensor, ∂0 stands for ∂/∂t, and the effective coupling constants were
defined with the trace of internal indices as:
GBA,1(
eB0
M∗2
) = 2
3
GBV,1(
eB0
M∗2
) = 1
6
GBV,2(
eB0
M∗2
) = 8
3
d1Nc FM
∗2 (αg2) F t5(0, Q, 0), (34)
where F t5(0, Q, 0) is given above in expressions (21,28). The last two terms in the second line of (33)
are anomalous since they are not usual Lorentz scalar but pseudoscalar.
Other leading contributions, however, arise from the zeroth order quark propagator of expression
(32), S0(k) and a background photon. By considering the pion momentum Q, or Q = qa + qb for
the two-pion couplings, the resulting anisotropic corrections to pion-constituent quark form factors are
obtained from expressions (11), They are given by:
Lq−piB = FBs (K,Q)Fpii(qa)pii(qb) ψ¯(K)ψ(K +Q)
+ ij3F
B
ps(K,Q)Fpii(Q) ψ¯(K)σjiγ5ψ(K +Q)
+ TjkiF
B
V (K,Q)pij(qa)(∂µpik(qb))ψ¯(K)γµσ
iψ(K,Q)
+ ij3 F
B
A (K,Q) ∂µpii(Q) ψ¯(K)iγ5γνσ
jψ(K,Q), (35)
where Tjki = δijδ3k − δj3δik and
FBps(K,Q) =
12
5
FBs (K,Q) =
(
eB0
M∗2
)2 64
3
d1NcM
∗4(αg2) F4(K,Q,Q1 = Q3 = 0), (36)
FBA (K,Q) =
FBV
3
(K,Q) =
(
eB0
M∗2
)
64
3
d1NcFM
∗2(αg2) F5(K,Q,Q1 = 0). (37)
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The slightly more symmetric way of defining the magnetic field Aµ = −B0(0, y, x, 0)/2 garantees the
anysotropies to be kept in the plane perpendicular to the magnetic field. The quark effective mass M∗
receives corrections from the weak magnetic field in the scalar gap equation and it will not addressed
with details in the present work. These expressions provide numerical values one order of magnitude
smaller than of the original pion - constituent quark couplings because they have multiplicative extra
factors B0 or B
2
0 that can be factorized in constants such as as eB0/M
∗2 or (eB0)2/M∗4 within the
current large quark effective mass regime. These make explicit that the B0 induced corrections are
considerably smaller than the original coupling constants and form factors.
The anomalous electromagnetic pion-quark couplings from expression (16) generate magnetic field
induced mixing pion couplings breaking explicitely chiral and isospin symmetries. For pion momentum
Q, or Q = qa + qb in the two pion couplings, it yields:
LAj = −iij3F6PB(K,Q)(∂ypii(qa))pij(qb) ψ¯(K)ψ(K +Q) (38)
− 2iij3F6MB(K,Q)∂ypii(Q) ψ¯(K)iγ5σjψ(K +Q)
+ iJijkF7PB(K,Q) pii(qa)pij(qb) ψ¯(K)iγ
2σkψ(K +Q)
+ 2iji3F7MB(K,Q)pij(Q) ψ¯(K)iγ
2γ5σ
jψ(K +Q).
The following functions were used in expressions (38) written in terms of the momentum derivative
∂Q1,x = ∂/∂Q
x
1 :
F6BP (0, Q) =
(
eB0
M∗2
)
4d1FNcM
∗2K0
(
∂Q1,x H
t
6P (0, Q,Q1)
)
Q1=0
, (39)
F6BM(0, Q) =
(
eB0
M∗2
)
4d1FNcM
∗2K0
(
∂Q1,xH
t
6M(0, Q,Q1)
)
Q1=0
, (40)
F7BP (0, Q) =
(
eB0
M∗2
)
4d1FNcM
∗2K0
(
∂Q1,xH
t
7P (0, Q,Q1)
)
Q1=0
, (41)
F7MP (0, Q) =
(
eB0
M∗2
)
4d1FNcM
∗2K0
(
∂Q1,xH
t
7M(0, Q,Q1)
)
Q1=0
. (42)
By comparing expressions (34) and (37) the following exact ratios are obtained:
GBA,1(0, 0)
FBA (0, 0)
= 2
GBV,1(0, 0)
FBV (0, 0)
=
GBV,1(0, 0)
GBV,2(0, 0)
=
1
8
. (43)
These ratios are simple numerical factors and the momentum dependence of only one of these form
factors, FBA (K,Q), will be explicitely shown below.
4.1 Numerical results
In the following, numerical estimations for the form factors above will be shown. Two gluon propagators
will be considered, firstly a transversal one from Tandy-Maris DI(k) [42] and the other is an effective
confining longitudinal one by Cornwall DII(k) [38]. Both of them yield DChSB in the gap equation for
the scalar auxiliary field being that:
g2R˜µν(k) ≡ haDµνa (k), (44)
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where Dµνa (k) (a = I, II) are the chosen gluon propagators whose expressions are the following:
DI(k) =
8pi2
ω4
De−k
2/ω2 +
8pi2γmE(k
2)
ln
[
τ + (1 + k2/Λ2QCD)
2
] , (45)
DII(k) = KF/(k
2 +M2k )
2, (46)
where for the first expression γm = 12/(33 − 2Nf ), Nf = 4, ΛQCD = 0.234GeV, τ = e2 − 1, E(k2) =
[1−exp(−k2/[4m2t ])/k2, mt = 0.5GeV , ω = 0.5GeV, D = 0.553/ω (GeV2); and for the second expression
KF = (2piMk/(3ke))
2 where ke = 0.15 and Mk = 220MeV. In expression (44) ha is a constant factor
already considered in previous works [21, 32, 22] to fix the quark gluon (running) coupling constant
such as to reproduce a particular value for one of the resulting effective coupling constant, for example
the pion axial coupling constant gAha = 1 or the rho constituent quark coupling constant gρha ' 12. In
the present work they were fixed with the same convention of the pion constituent quark form factors
of Ref. [22] for each of the gluon propagators, hI = 0.82 and hII = 0.3 .
In figure (2) the axial form factor FBA (K,Q)/(eB0/M
∗2) is shown as function of the pion momentum
Q = |Q| for two different quark effective mass M∗ This contribution for the form factor in the figure
is divided by a factor (eB0)/M
∗2 to make easier the interpretation and the comparison of each of the
contributions for any small value of (eB0)/M
∗2. The effective mass M∗ is, however, kept constant. At
zero pion momentum Q = 0 the form factor yields the axial pion coupling to constituent quark that
is usually considered to be gA = 0.8 or 1 [6, 19]. Therefore, without further assumptions about the
quark-gluon coupling constant, the weak magnetic field correction to the axial form factor is smaller
for the gluon propagator DII(k) than for DI(k) and this is simply due to the overal strength of the
corresponding propagator and quark-gluon coupling constant.
In figure (3) the weak magnetic field anisotropic correction to the pseudoscalar form factor, divided
by (eB0/M
∗2)2, is presented for the two gluon propagators as a function of the pion momentum and for
different values of M∗. Although the value of the pseudoscalar coupling constant is of the order of 10
times the value of the axial coupling constant the weak magnetic field corrections calculated in these
figures are basically of the same order of magnitude.
A complete expression for the axial and pseudoscalar form factors, including both their values in
the vacuum and the weak B0 correction, can be written as
GBA(Q) = G
M∗
A (Q) +
eB0
M∗2
FBA (0, Q)
(eB0/M∗2)
. (47)
GBps(Q) = G
M∗
ps (Q) +
(
eB0
M∗2
)2 FBps(0, Q)
(eB0/M∗2)2
. (48)
Where GM
∗
A (Q) is the form factor presented and investigated in [22], G
M∗
A (Q) = G
U
A(0, Q), and similarly
GM
∗
ps (Q) = Gps(0, Q). In figure (4) the axial and pseudoscalar non truncated form factors in the vacuum
- from [22] - and with a weak magnetic field eB0/M
∗2 = 0.2 from expressions (47,48) are presented
for the two gluon propagators with an unique value of the quark effective mass M∗ = 0.31GeV. Note
however the B0 correction to the pseudoscalar form factor has a factor
(
eB0
M∗2
)2
that is considerably
smaller than
(
eB0
M∗2
)
in the axial form factor.
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Figure 2: In this figure the leading magnetic field correction to the axial form factor FBA (0, Q)/(eB0/M
∗2)
as a function of the pion momentum for the usual pion field is presented for the two gluon propagators DI(k)
(thin lines) and DII(k) (thick lines). Different values of the quark effective mass are considered M
∗ = 350MeV
in dot-dashed lines, M∗ = 310MeV in dashed lines. hI = 0.82 and hII = 0.3
The unusual weak magnetic field induced anisotropic form factors, F6PB(0, Q) and F7PB(0, Q), are
exhibitted in figure (5) as function of the pion momentum , Q = |Qx|, for the two gluon propagators with
M∗ = 310MeV. They disappear in the zero pion momentum limit. The dependence of the form factor
F7PB(0, Q) on the gluon propagator is seemingly larger than for the previous form factors analysed in the
present work. Although the order of magnitude might be larger than the corresponding electromagnetic
form factors (16) these values must be multiplied by (eB0)/M
∗2.
4.2 Averaged quadratic radii
From the above form factors, weak-B0 induced anisotropic corrections to the axial and pseudoscalar
constituent quark averaged quadratic radii (a.q.r.) can be obtained. The magnetic field along the zˆ
direction can be chosen to be Aµ = −B0(0, y, x, 0)/2 for which it can be obtained a symmetrized result.
Because the B0 corrections to the form factors are dimensionless as defined above, the a.q.r. can be
11
Figure 3: In this figure the leading magnetic field correction to the pseudoscalar form factor
FBps(0, Q)/(eB0/M
∗2)2 as a function of the pion momentum for the usual pion field is presented for the two
gluon propagators DI(k) (thin lines) and DII(k) (thick lines). Different values of the sea quark effective mass
are considered M∗ = 350MeV in dot-dashed lines, M∗ = 310MeV in dashed lines. hI = 0.82 and hII = 0.3
defined simply as:
∆ < r2 >A = −6 dF
B
A (0, Qpi)
dQ2pi
∣∣∣∣∣
Qpi=0
,
∆ < r2 >ps = −6
dFBps(0, Qpi)
dQ2pi
∣∣∣∣∣
Qpi=0
. (49)
that correspond to corrections in the plane x − y perpendicular to the constant weak magnetic field.
The corresponding a.q.r. in the vacuum by considering the same method have been presented in Ref.
[22]. The resulting value for the axial and pseudoscalar square radii are obtained by adding their values
in the vacuum to the magnetic field correction. The quark effective mass M∗ however is kept constant
in spite of its eventual magnetic field dependence. These values are obtained by:
< r2 >BA = < r
2 >A +
(
eB0
M∗2
)
∆ < r2 >A
(eB0/M∗2)
∣∣∣∣∣
x−y
, (50)
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Figure 4: Pseudoscalar and axial (non truncated) form factors for B0 = 0, from [22], and for (eB0/M∗2) =
0.2 with different contributions: from the quark mass dependence on the weak magnetic field and from the
correction to the form factor from expressions (47,48) for the two gluon propagators DI(k) and DII(k) and
with M∗ = 310MeV. hI = 0.82 and hII = 0.3.
< r2 >Bps = < r
2 >ps +
(
eB0
M∗2
)2 ∆ < r2 >ps
(eB0/M∗2)2
∣∣∣∣∣
x−y
, (51)
where it was emphasized the magnetic field corrections stand only in the plane perpendicular to the
weak constant magnetic field. There are corrections to the (strong) vector and scalar square radii that
are similar and proportional to these axial and pseudoscalar ones as obtained from the expressions
(36,37), with slightly different numerical factors. They are related by:
∆ < r2 >V
∣∣∣
x−y = 3 ∆ < r
2 >A
∣∣∣
x−y ,
∆ < r2 >s
∣∣∣
x−y =
5
12
∆ < r2 >ps
∣∣∣
x−y . (52)
Therefore although the vector and axial form factors, and the scalar and pseudoscalar form factors, in
the vacuum are equal, the corrresponding corrections due to the weak B0 are different as it could be
expected because of the explicit isospin and chiral symmetry breakings due to B0.
In figure (6) the axial quadratic radii extracted from [22] are compared with the anisotropic B0
induced contributions above (49) as functions of the quark effective mass for each of the gluon propaga-
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Figure 5: The leading magnetic field induced form factors for the pion coupling to quark currents
F6P−B(0, Q), F7P−B(0, Q), divided by (eB0)/M∗2, as functions of the pion momentum, Q = |Qx|, are pre-
sented for the two gluon propagators DI(k) (thin lines) and DII(k) (thick lines) and M
∗ = 310MeV. hI = 0.82
and hII = 0.3
tors. The values of the magnetic field induced anisotropic contribution exhibitted in these figures must
be multiplied by eB0/M
∗2 to be added to the values < r2 >A in the vacuum as shown in expression
(50). These axial and vector Strong quadratic radii yield smaller contributions than those found from
the couplings to the light axial and vector mesons [31], and they are to be added. For the sake of
comparison it is interesting to quote previous estimations of the constituent quark quadratic radii to be
< r2 >' 0.2− 0.3fm2 [6, 47], being the relative weak B0 correction is of the relative order of magnitude
of eB0/M
∗2 with respect to the corresponding value in the vacuum.
Finally the weak B0 pseudoscalar square radius, < r
2 >ps from Ref. [22] for the truncated and non
truncated expressions, and the anisotropic B0 induced correction, ∆ < r
2 >ps, from (49), are exhibitted
in figure (7) as functions of the quark gap effective mass M∗ for DI(k) and DII(k). It is noted however
that the anisotropic weak magnetic field corrections ∆B < r
2 >ps yield very small values with respect
to their values in the vacuum because of the factor (eB0/M
∗2)2.
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Figure 6: The axial squared radius from Ref. [32] (thin and thick continuous lines) and anisotropic weak
magnetic field induced corrections (dashed lines) for the gluon propagators DI(k) and DII(k) as functions of the
effective quark mass from the gap equation. hII = 0.3. The weak magnetic field corrections from expressions
(49) are shown divided by the factor eB/M∗2.
5 Summary
The leading electromagnetic form factors of pion-constituent quark effective interactions and also corre-
sponding relatively weak magnetic field corrections to constituent quark strong form factors were derived
within a dynamical approach. Besides the electromagnetic couplings of the usual scalar, pseudoscalar,
vector and axial pion effective interactions with constituent quarks, two unusual photon couplings were
found, F6 and F7. All these effective couplings also provide weak magnetic field anisotropic corrections
to the usual pion couplings, besides additional ones, inexistent in the vacuum, F6B(K,Q), F7B(K,Q).
Two types of weak magnetic field correction were found. The usual case in which the quark kernel
receives a (linear) anisotropic correction from the weak magnetic field that is in the zˆ direction and
the case in which a photon coupled to the pion-constituent quark vertex gives rise to a (relatively)
weak magnetic field. The resummation of higher order terms of the expansions done above can be
expected to provide the strong magnetic field regime case [45]. The (relatively) weak magnetic field
expansion however allows for extracting analytical expressions for the related effective couplings that
make explicit the involved physical effects behind observables. Two anomalous Lorentz pseudoscalar
pion couplings with vector or axial constituent quark currents (33) were also found. Two different non
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Figure 7: The pseudoscalar squared radius, untruncated and truncated expressions, from Ref. [32] (continuous
and dashed lines) and the anisotropic magnetic field induced correction for the two gluon propagators, with +
and × , as functions of the effective quark mass from the gap equation. The case of untruncated < r2 >ps have
a sign minus and the case of DI(k) is divided by a factor 10. hI = 0.82 and hII = 0.3 The weak magnetic field
corrections are shown divided by the factor (eB/M∗2)2.
perturbative gluon propagators, which are known to produce DChSB, were shown to produce specific
smaller differences in the behavior of form factors with pion momenta. Because there are no current
experimental measurements or theoretical estimations of the magnetic field contribution to the baryons’
form factors, in particular the axial and pseudoscalar ones, no further comparisons were possible al-
though these corrections may have some role in the nucleon and in the nuclear potentials and in dense
stars structure. The pion contributions to the axial, and vector, form factors were found however to
be smaller than the light axial and vector form contributions [31] and this conclusion holds for the
magnetic field corrections. The complete calculation for the nucleon form factors starting from the
present dynamical approach was left outside the scope of the present work. In all these estimations the
quark effective mass from the gap equation was kept constant, i.e. momentum independent, with the
large contribution from the scalar condensate constant. Form factors expressions were shown with the
complete quark kernel momentum structure and in a truncated form. The main reason for truncating
the expressions is that the resulting a.q.r. might be negative because of the corresponding positive slope
of the complete expressions of form factors. It was pointed out in [22] this can be expected to be due to
the absence of momentum dependence of the quark effective mass M∗ from the gap equation. Finally,
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weak magnetic field anisotropic corrections to averaged quadratic axial and pseudoscalar radii were
also calculated as functions of the quark effective mass. The vector and axial form factors corrections
due to the weak B0 are not equal to each other as it could be expected because of the explicit isospin
and chiral symmetry breakings due to B0. Up and down quark masses, however, were kept equal in
spite of the fact that their effective masses must be different and their couplings to the magnetic field
are different. This non degeneracy will introduce corrections. Finally axial and pseudoscalar averaged
quadratic radii were calculated as functions of the quark effective mass M∗. These quadratic radii
decrease considerably with the values of M∗ from 0.28GeV to 0.78GeV although the different gluon
propagators, and the truncation of the form factors, might yield different slopes and normalizations.
The difficulties of establishing unbambiguous or precise values and behavior for the quark gluon run-
ning coupling constant and non perturbative gluon propagator manifest mainly in the ambiguity of
fixing the normalization values for the zero momentum values of the form factors. However the relative
values of the anisotropic corrections induced by B0, as compared to the corresponding quantities in
the vacuum, FA(K,Q),Fps(K,Q) and also < r
2 >A,< r
2 >ps, are smaller basically by factors eB0/M
∗2
or (eB0/M
∗2)2 respectively. The more general calculation for strong magnetic fields is intended to be
investigated elsewhere.
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